The cornea remains in a state of deturgescence, maintained by endothelial cell Na?/K? ATPase and by tight junctions between endothelial cells that limit entrance of fluid into the stroma. Fuchs' endothelial corneal dystrophy (FECD) was initially described by Fuchs in 1910 as a combination of epithelial and stromal edema in older patients. It manifests as bilateral, albeit asymmetric, central corneal guttae, corneal edema, and reduced vision. When edema is tissue that may help the surgeon avoid the risk of tissue loss during the stromal separation step. Recently, the authors described a new bimanual technique for insertion and positioning of endothelium-Descemet membrane grafts in DMEK.
INTRODUCTION
The adult human cornea averages 540 lm in thickness [1] , with the following layers from anterior to posterior: epithelium, Bowman's membrane, stroma, Descemet's membrane (DM), and endothelium. The cornea remains in a state of deturgescence, maintained by endothelial cell Na?/K? ATPase and by tight junctions between endothelial cells that limit entrance of fluid into the stroma. By maintaining an optimum level of corneal hydration, endothelial cells preserve the ordered arrangement of collagen, which is crucial for corneal transparency [2] . When endothelial cell density is low, the loss of tight junctions between cells allows more fluid to enter the stroma. The endothelial cells that remain may have a higher concentration of Na?/K? ATPase in an effort to compensate for the loss [1] .
The average human cornea has an endothelial cell density of 5,000-6,000 cells/ mm 2 at birth, decreasing to 2,500-3,000 cells/ mm 2 by adulthood. There is an average cell loss of 0.6% per year [1] . Corneal edema appears at 700-400 cells/mm 2 [1, 3] . Adult human corneal endothelial cells are arrested in the G phase of the cell cycle and do not undergo mitosis [4] . Therefore, lost cells cannot be replaced physiologically.
This review follows the development of surgical treatment of endothelial diseases, from penetrating keratoplasty to different approaches of selective endothelial keratoplasty. [9] reported several families with early onset of this dystrophy in the third and fourth decades of life. FECD is, despite its dominant inheritance form, more common and progressive in women [10] . It may also present in a sporadic form and is thought to be a primary disorder of the endothelium. The total number of endothelial cells is low and existing cells may not function properly. The course of this dystrophy can be further accelerated after intraocular surgery, specifically cataract extraction. A cell count of less than 1,000 cells/mm 2 or corneal thickness greater than 640 lm are considered major risk factors for corneal decompensation after cataract surgery [11] [12] [13] .
METHODS
Pseudophakic bullous keratopathy (PBK) is a term used to describe endothelial cell loss caused by surgery in the anterior chamber. If the corneal endothelium is damaged during surgery (as often occurs during cataract extraction) [3] , the same spectrum of symptoms as found in FECD can develop, although the histological phenotype of both diseases is different and there is no guttata in PBK ( Fig. 1 ).
Toxic anterior segment syndrome (TASS) is a rare complication of intraocular surgery that has only recently been recognized [14] . It is an acute sterile inflammation in the anterior segment caused by noxious agents such as medications, residual viscoelastic agents, and preservatives, or by an altered osmolarity or pH of the irrigating solution [15] [16] [17] . Permanent corneal endothelial damage can occur in severe cases of TASS.
KERATOPLASTY IN THE NINETEENTH CENTURY
In the nineteenth century, penetrating keratoplasty (PK) was the only surgical procedure used for isolated endothelial disease whether it was FECD or PBK; however, this procedure proved unsuccessful because of a total lack of knowledge about many basic concepts that could prevent failure, such as sepsis, immunology and tissue biology, anatomy and physiology of the cornea, and anesthesia. The majority of research into keratoplasty was conducted in Europe. Magitot [24] successfully used preserved corneas as early as 1911, and Elschnig [25] 
USE OF THE HUMAN CORNEA
In 1921, Harry Gradle [26] highlighted the uniformly unsuccessful results for keratoplasty.
Up until this time, only single case reports had been published and in only one instance were two cases published [26] . None of the patients who underwent keratoplasty had good vision and Gradle concluded that transplantation from another species was a biologic impossibility (whether or not transplants could be done successfully within the same species was not completely agreed upon). He did not refer to Elschnig's work in Prague, where corneal transplants in humans had been performed for at least 10 years with some modicum of success.
In England in the 1930s, Sir Tudor Thomas [27] experimented with corneal transplantation using rabbits' eyes. He felt that it was premature to operate on humans when the results were so unsuccessful.
By the mid-1930s, when transplantation had become more successful, there were insufficient diseased eyes with clear corneas requiring enucleation to satisfy the needs of the corneal transplant surgeons, who had many bilaterally blind patients on their lists. Elschnig supported the use of cadaver corneas, but it was Vladimir Filatov [28] who was primarily responsible for popularizing the use of cadaver corneas for corneal transplant purposes. Filatov [28] , in a review of corneal transplantation, mentioned the use of cadaver corneas stored in an ice chest at 4°C. The eyes were enucleated 'within 2-3 h before the body was taken to the morgue, or while in the morgue, certainly within just a few hours of death [28] . The corneas were used within 20-56 h after death [28] . These early techniques for cadaver enucleation are still used today in many countries. Other corneal surgeons preceded Filatov with individual case reports of using cadaver corneas for corneal transplantation, but it was Filatov who was credited with popularizing this approach.
FIXATION TECHNIQUES
Fixation technique is important in the outcome of corneal transplantation. Many methods have been used to ensure the proper alignment of the donor cornea, beginning with just conjunctival flaps and crossed sutures over the cornea. In the beginning only small grafts, less than 4.0 mm, were used. With these small grafts, overlay sutures were satisfactory for stabilization when the suture material was equivalent to 4-0 or 5-0 silk [18] . Numerous techniques have been described in the literature for corneal fixation [29] . Most of these fixation techniques preceded edge-toedge appositional sutures. The sutures were anchored in the sclera beyond the cornea and were removed soon after corneal transplantation because of loosening and There are of course several problems with penetrating corneal transplants. The length of time for best-corrected vision (BCVA) after PK can be 18 months or longer because of selective suture removal. With silk sutures knotted on the surface, healing was usually complete within 21 days, after which the sutures were removed. With nylon sutures, which quickly bury beneath the surface, the healing period for a corneal transplant is much longer. It is now routine for surgeons to leave interrupted and running sutures in place for at least a year, and if vision is good, with or without correction and with little astigmatism, the sutures are left in even longer. One of the problems with the nylon suture is that it can break and breakage is relatively unpredictable. Also, astigmatism after corneal transplantation has been one of the main problems leading to unsatisfactory vision, even though the graft may be clear [18] .
DEVELOPMENT OF ENDOTHELIAL KERATOPLASTY
The history of endothelial keratoplasty (EK) began in 1956 when Tillett [47] published the first description of posterior lamellar keratoplasty (PLK). Although this used a fullthickness large-incision, it was the first attempt to use the inner layer of the cornea for treating corneal diseases caused by endothelium. In the 1960s, Dr. José Barraquer [48] described a method of EK using an anterior approach via laser-assisted in situ keratomileusis LASIK flap.
After cutting a partial thickness flap with a microkeratome, the posterior cornea consisting of stroma, DM, and endothelium was trephined and replaced with a donor graft that was sutured in place. The flap was then replaced and also sutured. In 1999, Melles and colleagues [49, 50] directed in the field to an intrastromal approach, describing a large pocket dissection through a sclero-corneal pocket incision that which the dissected donor stromal disc could be fixed. Gorovoy [53] used a microkeratome to harvest the donor tissue to perform Descemet's stripping automated endothelial keratoplasty (DSAEK). This was a successful surgical procedure that yielded good results. However, all too often, on pristine slit-lamp examination, postoperative vision was limited from 20/30 to 20/50 for no apparent reason [54] . The interface was usually blamed as the cause of decreased vision. However, LASIK patients who also had an interface, routinely achieved 20/20 or better vision. Clearly, the tissue could be removed more precisely in LASIK than it could be added in DSAEK.
DSAEK has been shown to achieve faster visual recovery, lower postoperative astigmatism, and a lower incidence of graft failure than PK [55] . In a comparison of PK with DSAEK, more than 1 year after transplantation, DSAEK had a statistically insignificant higher rate of repeat grafting at 15 months [56] .
Regardless of this, DSAEK is highly successful and has been widely adopted. In a cohort study of 12 patients who underwent DSAEK surgery in one eye and PK in the other, all patients reported higher satisfaction with the DSAEK procedure and achieved better uncorrected visual acuity (UCVA) and best-corrected visual acuity (BCVA) [57] . Submerged cornea using backgrounds away (SCUBA) technique, which is a method for preparing DMEK donor tissue, has previously been described [67] . Separating DM while submerged in fluid allowed for easy handling and removed the effect of surface tension on tear promotion. The technique was consistently reliable, used simple instruments that were readily available, and could be taught to eye bank technicians.
The key technique for successful implantation is ''the Dead Sea Scrolls'' method [68] . This term highlighted the natural scrolling tendency of a stroma-free DM, and the correct orientation of the endothelial side before the donor scroll was fixed in position with air. The technique also included no-touch manipulation using microjets of fluid, externally induced eddy currents, surface tension, and air bubbles to unroll, position, and secure the donor in the confines of the anterior chamber. Visualization of the donor was enhanced with trypan blue staining. It was found that proper air management could prevent the dislocations that had initially been described. In addition, the difference in curvature between the donor and the host, that often leads to peripheral detachments, could be easily treated by rebubbling with air [68, 69] .
Studeny et al. [70] realized that leaving a rim of stroma in the periphery of the donor cornea remarkably improved handling inside the eye, whilst still providing the visual benefits of DMEK. This was referred to as ''DMEK with a stromal rim''. Other variations were proposed by Price with DMAEK (DM automated endothelial keratoplasty), and by Busin with ''sickle'' DMEK [71] [72] [73] . Tissue was prepared using a microkeratome and a stromal air injection (big bubble) to harvest donor tissue and was successful in skilled hands [74, 75] . However, in exchange for the ease of intraoperative placement, this technique required an expensive microkeratome, offered its own challenges, and DMAEK or sickle DMEK tissue preparation was not consistently successful.
Recently, some eye banks have experimented with the preparation of DMEK/DMAEK donor tissue that may help surgeons avoid the risk of tissue loss during the stromal separation step [43] . Today's DMEK surgeons have that option and may obtain eye bank-prepared tissue or prepare the tissue themselves.
In DMEK, which provides undamaged anterior and posterior corneal grafts [76] .
Regarding the presence of stromal tissue on the DM of the donor tissue, Yoeruek et al. [74] examined the dissection plane achieved when pneumatic dissection is used to create the donor graft for EK; they found no stroma attached to the DM on either light or electron microscopy, implying a complete separation of stroma and DM. On the contrary, another recent, smaller study documented residual stroma on the DM by light microscopy after pneumatic dissection [77] . These differences were attributed to differences in methodology between both studies [78] . Recently, the present authors described a new bimanual technique for insertion and positioning of endothelium-DM (EDM) grafts in DMEK [79] .
In a prospective, non-comparative, consecutive, interventional case series, which included 15 pseudophakic eyes of 15 patients treated with DMEK (Fig. 2) , a bimanual infusion technique was used to introduce and position donor's EDM [79] . Partial LGR5 via the HH and Wnt pathways [79] .
CONCLUSION
Until today, corneal endothelial disease has been treated by tissue substitution.
Endothelial transplantation techniques have significantly progressed during the last 10 years being DSAEK and finally DMEK their best examples of selectivity. On the other hand, research in drugs directed to improve EC health is also increasing, in clinical practice during the next few years. Hopefully, gene therapy will pay attention to corneal endothelial diseases in the near future. We think this will be a great achievement in the field of management of corneal endothelial diseases. 
